Historically, communication research in pediatric oncology has relied on surveys and interviews, resulting in cross-sectional and retrospective studies constrained by selection, recognition, and recall biases. This systematic review identifies and synthesizes the published literature analyzing primary data from recorded conversations between pediatric oncologists, patients with cancer, and their families, with the following objectives: (1) to identify the extent and content of the evidence base, (2) to describe methodological strategies utilized in the analysis of recorded medical dialogue, (3) to aggregate salient findings, and (4) to generate recommendations for future prospective research related to analysis of medical dialogue in pediatric oncology.
INTRODUCTION
Honest, clear, and empathic communication between pediatric oncologists, children with cancer, and their families is imperative to facilitating therapeutic alliance and ensuring that medical management aligns appropriately with patient and family goals of care. 1, 2 Parents of children with cancer rate the communication skills of their child's oncologist as a critical component of the illness and treatment experience, 3 and parents are more likely to believe that oncologists provided high quality information when they also rate the provider's communication style highly. 4 Better communication has also been associated with parental report of increased hope, 5 decreased decisional regret, 6 and improved psychosocial outcomes. 7 Despite evidence supporting the importance of communication in pediatric oncology, little is known about how pediatric oncologists use different communication styles and strategies to share diagnostic, therapeutic, or prognostic information with patients and families.
Practically speaking, investigation around communication in pediatric oncology poses a number of challenges, including concerns related to the feasibility and acceptability of research that touches upon highly stressful and sensitive topics.
Historically, reliance on parent or physician surveys and interviews to study communication in the field of pediatric oncology has led to limited literature composed primarily of cross-sectional and retrospective studies that are relatively constrained by selection, recognition, and recall biases. The latter confounder becomes particularly problematic when data are collected months or even years following important conversations and when conversations are highly stressful and overloaded with nuanced and complex information, making it all the more challenging for participants to recall salient information.
To this end, the importance of audio-or video-recording in communication cannot be overstated. The ability of patients and families to retroactively describe the content and quality of information discussed during a medical conversation has been studied and shown to be poor. Following presentation of simple and direct information by the physician, approximately one third of patients were unable to relay the information accurately 8 ; moreover, after presentation of more complicated information, fewer than one third of patients demonstrated successful recall, and these deficits persisted regardless of health literacy levels. 9 Similar findings have been reported in the pediatric literature, with only one third of parents of children with serious illness recalling all of the salient information about their child's treatment following a medical discussion with their child's physician. 10 These data highlight the shortcomings of survey-and interview-centric data and argue for increased focus on direct analysis of recorded medical dialogue to advance the science of communication research.
Sisk et al recently reviewed the small body of literature on communication in pediatric oncology, identifying a total of 90 relevant manuscripts that demonstrate how communication research varies substantially in scope and methodology. 2 However, a deficit remains in the literature with regard to reviewing primary data from recorded conversations between pediatric oncologists, patients, and families as opposed to retroactive extrapolation from analysis of surveys or interviews. This is the first systematic review to identify and synthesize all published literature reporting on analysis of medical dialogue between pediatric oncologists, patients with cancer, and their families.
The objectives of this review are fourfold: (1) to identify the extent and content of the evidence base within this research arena; (2) to ascertain the methodological strategies utilized in published studies on this topic; (3) to synthesize results from prior investigations; and (4) to generate recommendations for the design and implementation of future prospective research related to communication in pediatric oncology.
METHODS
We conducted a systematic review following standardized rigorous guidelines 11 and relied on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for reporting results. 12 The driving question behind our systematic review was:
"How does analysis of recorded conversations between clinicians, patients, and families inform the investigation of communication in the context of pediatric oncology?"
Inclusion and exclusion criteria
We included in this review all original research studies that incorporated either audio-or video-recordings of medical conversations between pediatric oncologists, patients, and families with subsequent analysis to assess the content or quality of these conversations. Quantitative, qualitative, or mixed methods studies were eligible for inclusion. The search was limited to articles written in the English language.
We elected a priori to not apply a filter that restricted the date range of the search strategy in an effort to ascertain the earliest date of publication of literature on this topic. Studies that recorded only interviews with pediatric oncologists, patients, or family members after medical conversation were excluded from this analysis.
Search strategy
An advanced Boolean logic search strategy was developed through collaboration between EK and an expert medical librarian, as detailed in Supporting Information Table S1 . The original search strategy was executed across multiple electronic databases, including PubMed, Web of Science, Scopus, and PsycInfo. Supplemental manual citation searches were performed using the Web of Science and Scopus databases to identify additional publications, utilizing the additional search strategy of snowballing in which articles are identified manually by reviewing reference lists and review articles. 13 These manual citation searches yielded several relevant articles that had not been captured in the original search strategy, raising concerns about the comprehensive scope of the original strategy. A team of medical librarians, qualitative researchers, and pediatric oncology clinician-researchers iteratively reviewed and refined the PubMed search strategy to ensure casting as 
Study selection
EK, KZ, MG, and JA screened the titles and abstracts of 5353 deduplicated articles identified by the electronic database search for studies that met the above described inclusion criteria. EK and JB reviewed all articles for which eligibility criteria were not immediately transparent, and discussion was held between authors until consensus was achieved. Sixty-three articles were identified as eligible for full text assessment. Three researchers (AK, MG, and IS) conducted comprehensive text assessment on the remaining articles, and during the preliminary phase of text assessment, an additional 37 articles were excluded due to failure to meet the a priori specified eligibility criteria.
EK performed a full audit of the 37 excluded articles, with subsequent confirmation of their ineligibility. Ultimately, a total of 26 articles were identified that met the prespecified inclusion criteria. Figure 1 depicts the PRISMA flowchart accordingly.
Data collection and auditing
A standardized data abstraction tool was developed by EK to extract information from the 26 identified articles. The domains of this tool are detailed in Table 1 . Three researchers (AK, MG, and IS) reviewed the articles independently, with each reviewer assessing articles within an assigned category (e.g., all manuscripts related to informed consent were assigned to a single reviewer). Data were extracted from each study in a systematic manner in accordance with the aforementioned abstraction tool. Any questions regarding data extraction were discussed in groups of 2 to 4 researchers to achieve consensus. A preliminary audit was conducted by AK, during which the accuracy of all quantifiable domains was confirmed. EK subsequently conducted a comprehensive audit of all subjective variables to ensure consistency and accuracy across domains. A total of 11 minor discrepancies were identified out of 364 database cells, yielding a high interrater reliability 
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(IRR = 0.97). These discrepancies were resolved by EK and JB through higher level discussion to achieve consensus.
Data synthesis
To present salient findings from articles included in this review, we developed a broad a priori coding schemata informed by iterative close readings of the studies, which was subsequently applied across the results, discussion, and conclusion sections of each manuscript.
We first classified articles as "studies of medical dialogue in the context of an informed consent conversation" (ICC) and "studies of medical dialogue not related to an informed consent conversation" (Other). Within the "ICC" category, we applied broad codes for "communication" (i.e., "interactivity," "topical content of communication," "alignment of communication content with critical elements of the informed consent process"), which were coded separately for the oncologist and patient/parent, respectively. We also developed broad codes for "understanding" (i.e., "parental understanding of information provided" and "variables that influenced level of parental understanding"). Within the "Other" category, we grouped studies based on their predefined time points for recording medical dialogue and then applied broad codes for "interactivity," topical content," and "emotive nature of communication." Coding was conducted manually, with use of a spreadsheet for organization of data.
RESULTS
Study demographics
All articles were published within the last 15 years from the original search date, with half published within the last 5 years. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] The majority of studies (20/26, 77%) were conducted in the United
States, 14, 15, [20] [21] [22] [23] [24] [25] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] with 3 studies from the United Kingdom, 16, 18, 39 1 study from Brazil, 26 1 from the Netherlands, 17 and 1 from Norway. 19 A total of 8 separate investigative protocols were conducted, resulting in 26 publications.
Study objectives and design
All 26 studies aimed to describe the content of communication.
The majority of studies (n = 23, 88%) also aimed to describe the quality of communication. [14] [15] [16] [17] [18] [19] [20] [21] [23] [24] [25] [26] [27] [28] [29] [30] [32] [33] [34] [36] [37] [38] [39] Two studies aimed to describe the impact of an intervention on communication styles and strategies. 20, 36 All but one study involved audio-recording conversations between pediatric oncologists, patients, and families (n = 25, 96%); a single study utilized video-recording modalities. 19 The majority of studies (n = 18, 69%) involved recordings of informed consent conversations. 14, 15, [20] [21] [22] [23] [24] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] One study recorded conversations at the time of diagnosis, 17 and a minority of studies (n = 4, 15%) recorded conversations at random visits across the illness trajectory without aiming to capture a specific time point. 16, 18, 26, 39 One study recorded conversations at visits following completion of cancer therapy. 19 Two studies (8%) recorded conversations during visits that occurred shortly after patients and families learned about a recent disease relapse or progression. 25, 27 No studies were identified in which conversations were recorded at the time of disease reevaluation to capture the delivery of bad news in real time.
Three studies (12%) aimed to record conversations longitudinally, as opposed to capturing single cross-sectional recordings. 16, 18, 26 However, in all 3 of these studies, data were aggregated for the purposes of analysis, and no studies conducted analyses to describe or quantify changes in communication styles, strategies, patterns, or quality over time.
Study feasibility
The mean number of recorded conversations per study was 85.6, with a median of 85 and a range of 21 to 140. A mean of 133 parents
TA B L E 2 Tools used to assess communication quality
Tool Description
The RIAS The RIAS ("Roter Interaction Analysis System") is a validated a priori coding method for analysis of medical dialogue, completed by raters who assess recordings of consultations (audio or video). The RIAS comprises an exhaustive list of categories that describe and define interactions between clinicians, patients, and families. RIAS coding categories are organized into 4 main pillars of medical dialogue: (1) information/data gathering/seeking, (2) education/counseling/motivating dialogue, (3) relationship-building/rapport development/responsiveness to emotions, (4) partnership-building/activation. Targeted subcategories within the basic analytic structure facilitate further detailed documentation of specific features unique to each particular dialogue. Codes are assigned to brief units of spoken expression (typically comprising a complete thought), and these "thought units" or "utterances" are operationalized through content, phrasing, speaker, and sequential order in the coding record. Further supplementation is achieved through structured coder notes and content summaries embedded in the coding record. 40 The OPTION The OPTION ("observing patient involvement") scale is a validated item-based instrument completed by raters who assess recordings of consultations (audio or video). It was developed to evaluate shared decision-making, and it was designed to be sufficiently generic for use across all types of clinical practice. This tool measures the extent to which clinicians involve patients in decision-making by coding 12 behavioral competencies on a five-point Likert scale. It also measures participant understanding, role preferences, and if problems are well defined, options formulated, and information provided, with decision-making examined from the perspectives of both clinicians and patients/families. 41 Observer Checklist
The Observer Checklist is a nonvalidated instrument designed to code communication styles and strategies specific to clinical discussions related to cancer. The Observer Checklist delineates specific information categories as either occurring or not occurring, and as being initiated by the clinician, the patient, or the patient's family. These a priori codes were developed by researchers for the purpose of several studies in this review; the codes are hypothesis driven and specific to the predefined research questions. [25] [26] [27] VR-CoDES VR-CoDES ("Verona coding definitions of emotional sequences" is a consensus-based system for coding patient expressions of emotional concerns in medical consultations, as defined as cues or concerns. The VR-CoDES manual comprises 5 categories of cues/concerns, with the capability of describing emotional responses as explicit/implicit and categorizing responses as either providing or reducing space for further disclosure of the cue/concern. 42, 43 Coding software ENCOUNTER, NVivo, and MAXQDA are coding software systems that each facilitate the application of a prior codes and/or utilization of traditional grounded theory across transcripts (i.e., inductive development of themes and concepts from granular codes).
participated per study, with a median of 102; however, a wide spectrum of sample sizes were represented across manuscripts, ranging from 33 to 140 participating parents per study. Four studies did not report parental enrollment rates. In the remaining studies, mean enrollment was 79%, with a median of 80% and a range of 56% to 94%.
With regard to oncologist participation, 3 studies (12%) did not report the enrollment rates of eligible clinicians. Among the remaining studies, a mean of 43.7 oncology clinicians participated per study, with a median of 34 participants and sample sizes ranging from 3 to 76.
Only 4 studies (14%) reported enrollment rates for oncology clinicians, which ranged from 53% to 84%.
Analytic methods
The majority of studies (19/26, 73%) conducted analyses of recorded data using primarily quantitative methods, with application of standardized, validated tools or a priori coding schemata across transcripts to describe frequencies and query associations between values and other demographic features. 14, 15, 20, 21, 24, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Five studies (19%) conducted analyses exclusively through traditional qualitative methodology, using standard constant comparative 40 or semantic content analysis 41 to guide the de novo creation of a coding lexicon and subsequently discover themes to inform a conceptual model. 16, 18, 22, 27, 39 Two studies (8%) used mixed methods to integrate quantitative analysis with traditional qualitative methodology. 19,23
Measurement of communication quality
Three studies (12%) exclusively aimed to describe the content of communication, without qualifying the perceived value or influence of the communication. 22, 31, 35 The remainder of the studies (n = 23, 88%)
presented data with the goal of drawing conclusions about communication quality. 14-21,23-30,32-34,36-39 Table 2 describes the tools used to assess communication quality in these studies. Table 3 and/or palliative care involvement as an option was quantified in one study. 23 The impact of race, ethnicity, native language, and use of interpreters on communication content was also investigated in several studies. [32] [33] [34] 38 Multiple studies supplemented the recording of medical dialogue with follow-up surveys and interviews to evaluate parental understanding of study objectives and other informed 15, 24, 28, 29, 33, 34, 36, 37 In the remaining non-informed consent studies, the majority of studies quantified specific physician communication behaviors, including frequencies and types of question-asking and patient versus physician interactivity as determined by ratios of words spoken and frequencies of speech turns or exchanges. 16, 17, 26, 39, 42 Two studies specifically quantified the occurrence and/or frequencies of "emotional talk," including discussion of patient or parent fears and hopes and physician responses to emotional cues. 16, 18 An additional 2 studies quantified physician statements about prognosis, with subsequent analysis of congruence between physician and parental prognostic understanding and description of the impact of physician communication on parental understanding, hope, and trust in the physician. 25, 27 As discussed previously, several studies also used supplemental interviews after the recorded discussion to identify gaps in parental understanding of discussion content, prognostic awareness, hope and trust in the physician, and overall fears and emotions relative to the recorded conversation. 16, 18, 25, 27, 39 
TA B L E 3 A priori coding schemata
Synthesis of study findings
A summary of key findings from these studies is presented in Supporting Information Table S2 . During informed consent conversations, physicians spoke much more frequently than patients or family members, 38 and they primarily focused on the potential for therapeutic benefit. 21 When discussing risks, oncologists discussed rare and more serious side effects in fewer than 1% of informed consent conversations. 31 Moreover, oncologists often omitted critical • Impact of communication on parental understanding about the illness, treatment, informed consent process, prognosis
TA B L E 4 Metrics used to quantify communication content or style
Metric categories Metric examples
• Impact of communication on parental trust in the physician, therapeutic alliance, report of hope, fears, emotions, anxiety, sense of control elements of the consent process such as discussion about voluntariness, dose finding/escalation, or dose limiting toxicities. 14, 15 Although randomization was explained by physicians in most informed consent discussions, half of parents did not understand the concept on subsequent assessment. Lower socioeconomic status, racial minority, and non-English language preference all increased the likelihood that a parent would misunderstand the concept of randomization. 29, 33 Importantly, parents who did not understand the randomization process were more likely to agree to the study as compared with those who did understand. 29 Minority groups were more likely to not understand treatment options and specifics related to the clinical trial following an informed consent conversation. 32, 34, 37 In the vast majority of informed consent conversations with children with refractory cancer eligible for enrollment on a phase I trial, oncologists never discussed that the patient's disease was incurable, and in more than two thirds of informed consent conversations, oncologists never mentioned that forgoing treatment and/or receiving palliative care were also options. 23 Notably, oncologists rarely mentioned hopes and goals, apart from the hope for cure during these discussions. 23 Finally, but perhaps most importantly, physicians who under- and clarify questions. 20, 36 Similar to the analysis of recorded informed consent conversations, the analysis of routine cancer visits focused on topical content, interactivity, and emotive nature of the communication. Discussions were often characterized by short-term and procedural discussions with a primary focus on things that were going well and acute clinical management. 16 Socioeconomic status and caregiver level of education were associated with amount of interaction provided by physicians to patients and caregivers. 26 Clinicians frequently discussed treatment, but rarely discussed treatment-related decisions or elicited the patient's preferred level of involvement in decision-making. 17 In the 2 studies that recorded conversations about recent disease progression, the majority of physicians discussed prognosis during the conversation 25, 27 ; however, nonspecific statements were often used by physicians to reference prognosis. 25 In subsequent interviews, most parents found prognostic information upsetting, yet they still valued frank disclosure. Conversely, excessive optimism or a lack of information was experienced by some parents as a threat to hope and the parent-clinician relationship. 27 With regard to emotional content, recorded discussions between oncologists, patients, and parents contained little to no explicit discussion of emotions. 16, 18, 19 In one study, the majority of emotional concerns were expressed by patients and families implicitly as hints ("cues"), and these cues were mostly elicited by the oncologist. 19 Notably, parents' sense of emotional connection with doctors did not appear to rely on the presence of "emotional talk" during discussions.
Parents reported that they gained emotional support from doctors' expertise, calmness, constancy, and exercise of authority. 18, 39 
DISCUSSION
The value added from utilization of recorded conversation methodology is broad and deep, affording researchers unique opportunities to glean real-time information about the authentic language, syntax, organizational structure, verbal dominance, interactivity, topical content, and emotive quality of medical dialogue. 43 Importantly, this methodology also offers researchers a gold standard against which to assess concordance between clinician and patient/parent understanding and to identify gaps in comprehension of shared information. From a feasibility standpoint, this review also resolves inferred con- 43 However, challenges in measurement of communication content and quality remain, particularly regarding lack of standardized validated metrics within the field. 43 We believe that this review demonstrates the critical importance of developing best practices for mixed methods analysis of recorded medical dialogue.
Ultimately, we advocate for an increase in observational studies that include a component of medical dialogue recording to better understand the content and quality of communication in pediatric oncology. We envision these data will highlight specific areas for improvement in oncologist-patient/family dialogue, particularly with regard to the frequency of prognostic communication and the specific language used to share this information. Findings should be juxtaposed against consensus guidelines for provision of optimal communication [47] [48] [49] This systematic review, although comprehensive, has certain limitations. The search strategy was designed to capture eligible published studies, but the search did not extend to include stand-alone abstracts.
Additionally, articles published in a language other than English were also excluded, which may have resulted in omission of relevant data.
In 
FINANCIAL DISCLOSURES
There are no financial disclosures from any authors on this manuscript.
FUNDING SOURCE
